1. Introduction {#s0005}
===============

*Apis mellifera jemenatica* is the main honey bee strain of the Arabian Peninsula, also spread in some parts of Africa ([@b0015]), due to its adaptation under environmental conditions prevailing in Saudi Arabia and to its disease resistance ([@b0010]). Environmental stressors may interact with each other and potentiate their effect on organisms' health and survival ([@b0125], [@b0095]). *Apis mellifera* are constantly exposed to a wide variety of biotic and abiotic stressors. Among these, pathogens and pesticides are important variables that influence honeybee survival. Interactions between stressors in honeybees may be partly responsible for the severe colony losses recorded worldwide for more than ten years ([@b0190], [@b0220], [@b0265], [@b0270]).

In recent decades, much has been learned about the interaction between bees and the natural toxins that exist in their environment. Thus, the discovery of new active ingredients and new modes of action that can be used to control insect pests is also continual. There have been drastic changes in the toxicology of practical beekeeping, with beekeepers beginning to use pesticides inside the colony in an effort to control pests and pathogens ([@b0135]). Many of the pesticides to which *A*. *mellifera* are exposed have insecticidal properties and may be harmful to bees ([@b0185], [@b9005], [@b0205]), affect *A*. *mellifera*'s cardiotoxicity ([@b0200]), and affect forager bees' mobility and communicative capacity ([@b0180]).

In a study carried ([@b0130]) out to determine the effect insecticides on three species of *A*. *mellifera* and their ability to survive and calculate the value of LT~50~, there were found differences in the value of LT~50~ between these species when exposed to different concentrations of insecticides. [@b0020] was a study conducted against three insecticides was variation in the intensity of the effect of the insecticides on the longevity of the honeybee of different concentrations when used orally. However, among other effects documented in the literature ([@b0100]) investigated the effects of pesticide on *A*. *mellifera* on cell death and localization in pesticide-treated. Pesticides damage the midgut cells of several species of the *Apis* genus ([@b0120], [@b0085]). Insecticides have a major effect on *Apis mellefera* and should be considered hazardous to pollinators because nectar and pollen can become contaminated ([@b0090], [@b0245]). Chronic exposure to sublethal doses can be due to an accumulation of insecticides in hive products ([@b0210]), which induces significant short-term impacts at the colony level, resulting in decreased colony performance and productivity ([@b0225]). In insects, the digestive tract is mainly composed of three parts: the foregut, midgut, and hindgut. The midgut is also called the mesenteron, ventriculus, and stomach. It is the main site that secretes granules. In addition, digestion and absorption occur here ([@b0055], [@b0065]).

Insecticides caused more the alterations on midgut cells in a study by [@b0140] aimed to analyze the effects of the acute oral toxicity of insecticides showed that they caused high mortality rates in *A*. *mellifera* and disruption in the midgut cells. The midgut epithelium is responsible for the detoxification of ingested xenobiotics ([@b0170]), and some insecticides specifically target the midgut epithelium ([@b0110], [@b0260]). Damage to the midgut epithelium of honeybees has also been reported as a consequence of acute exposure to the insecticides malathion, deltamethrin, and thiamethoxam ([@b0140]). This spatial overlap between immunity and detoxification may facilitate synergistic interactions between pesticides and pathogens to the detriment of honeybee health ([@b9010], [@b9000]). Most studies have focused on mortality or behavioral deficiencies in exposed *A*. *mellifera* while neglecting other biological functions and target organs. We aimed to this study the effects of two insecticides representing the most prevalent groups namely; abamectin and deltamethrin on foragers honeybee workers of *A*. *mellifera jemenatica* by orally feeding them a sugar solution with an insecticide added to it. We are in this study will analyze the effects on the lethal time (LT~50~) and on the cells in the midgut.

2. Materials and methodology {#s0010}
============================

This study was carried out at the Laboratory of Entomology at the King Abdulaziz University. In order to evaluate the effect of two insecticides on the foragers honeybee workers *A. mellifera jemenatica*. Insecticides used; the adverse effects caused by two types of insecticides, representing the most prevalent groups, available in abundance in the Saudi market, used in pest control, were studied, namely: abamectin pesticide, from the avermectin group and deltamethrin; a compound of pyrethroid group.

2.1. Individuals used in the study {#s0015}
----------------------------------

Foragers honeybee workers *A*. *mellifera jemenatica* that have been used in the study, which are individuals working outside the hive in collecting nectar and pollen, but are characterized with being fed on the nectar or honey in larger amounts (carbohydrates nutrition). Foragers honeybee workers were chosen to conduct the study according to [@b0195], [@b0145]). All individuals that used in this study collected under the normal conditions.

In addition, foragers honeybee workers when you start work outside the hive expect as most individuals are affected by insecticides. In many cases, the foragers workers, which are responsible for collecting nectar and pollen, lose the ability to fly or become disoriented and cannot return to the hive ([@b0190]).

2.2. Material and food administration {#s0020}
-------------------------------------

Where two methods were combined for the design of wooden cages for breeding, taking into account that the one face of the wooden box is covered with metal wire mesh, while the opposite face would be of glass, based on what was mentioned by [@b0140], and for holding cage measurements, were (40 × 30 × 30 cm).

The cage was provided, on the top sid with 2 plastic medical syringe (50 ml), one of which with water, and the other syringe with sugar solution of (1:1), that is (50%) (as a source of carbohydrates nutrition). (50% w/v) based on what was conducted by [@b0030], [@b0180], [@b0215], laced with insecticide solution under test. The cage was also provided with a small plastic pot of 3 cm in diameter, and 1 cm in height, put in the cage bottom to provide natural protein nutrition, (pollen) mixed with sugar in equal parts; where 50 g of pollen and 50 g of powdered sugar as well as a little water are added to get a paste, and then 10 g of the such paste are put in the plastic pot, covered with a transparent perforated plastic sheet to allow feeding of bees and protection of the paste from drying out and preventing the adhesion of such food particles bees during feeding, where food is changed every three days ([@b0115]).

2.3. Time period of experiment conductance {#s0025}
------------------------------------------

The mortality was assessed at 1, 2, 4, 6, 12, 24, 48, and 72 hour (h) after insecticides treatment. Bees were then for holding cage to assess the effects of insecticides until the end of the 72 h period to calculate the value of lethal time (LT~50~). But the samples the histology study (midgut) collected after 24 h by [@b0255], [@b0140], [@b0060], [@b0080].

2.4. Study groups division {#s0030}
--------------------------

The research experiences were divided into three groups, namely:•A non-exposed control group.•An exposed group to abamectin, with 0.1 ppm concentration.•An exposed group to deltamethrin, with 2.50 ppm concentration.

2.5. Study procedures {#s0035}
---------------------

The forager honey bee workers were selected for the study, as they are individuals working outside the hive in the collection of nectar and pollen, where they have been fed orally, where they were provided with water and natural protein nutrition, and sugar solution laced with insecticide in the required concentration. As the insecticides used in the study (abamectin and deltamethrin).

The abamectin pesticide has been used in the following concentration: 0.1 ppm and deltamethrin pesticide was used in the following concentration: 2.50 ppm, while the control group was not treated with any kind of pesticides, and were fed naturally, with water, natural protein nutrition as well as sugar solution, free of any additives, were used. The samples were followed up, as a bee would be considered dead when it remains motionless for ten seconds of the observation period, after moving it gently by a fine brush, ([@b0160]). The experiment was repeated three times using fifteen insect in each repeated time.

2.6. The study of the lethal time 50 (LT~50~) {#s0040}
---------------------------------------------

Mortality percentages were calculated for each treatment and corrected using Abott's equation ([@b0005]). The lethal time 50 (LT~50~) was calculated for each group at *p* = 0.05, LT~50~ was also determined by Probit analysis ([@b0075]) Ldp line ([@b0025]).

2.7. The histological study of the midgut by Scanning Electron Microscope (SEM) {#s0045}
-------------------------------------------------------------------------------

The samples of honeybees workers It was were placed in the fixed for 2 h with 2.5% glutaraldehyde. Then specimens were washed in 0.1 M sodium cacodylate buffer (pH 7.2) and post fixed in 1% osmium tetroxide in the same buffer. The midgut was dehydrated in a graded ethanol series. The specimens were coated by gold sputtering for 60 s using Auto Fine Coater (JFC-1600) and viewed with a JSM-6360LV Scanning Electron Microscope at 10 kV.

3. Results {#s0050}
==========

3.1. The lethal time 50 (LT~50~) {#s0055}
--------------------------------

The results showed the effects of insecticides on foragers honeybee workers *A*. *mellifera jemenatica* throughout the life of these workers, where they were fed on a sugary solution laced with insecticide under laboratory conditions. The bees were provided with water, food, natural protein and sugar solution with insecticide (concentration: 0.1 ppm abamectin and 2.50 ppm deltamethrin). The control group was not treated with any kind of insecticides.

This study results of lethal time (LT~50~) that has been conducted to find that two insecticides used abamectin and deltamethrin. Firstly, abamectin shortest time needed to death half the number individuals it takes to death 50% to 21.026 h (LT~50~ = 21.026), and 130.954 h of death 90% of individuals (LT~90~ = 130.954) [Fig.1](#f0005){ref-type="fig"}. Secondly, deltamethrin death 50% of individuals through 72.011 h (LT~50~ = 72.011), and 2010.599 h of death 90% of individuals (LT~90~ = 2010.599) [Fig.2](#f0010){ref-type="fig"}. Finally, that can conclude that insecticide abamectin be faster in the death of foragers honeybee workers compared to deltamethrin. While in the control was value of (LT~50~ = 313.826) and (LT~90~ = 1724.129). [Fig.3](#f0015){ref-type="fig"}, [Table 1](#t0005){ref-type="table"}.Figure 1Lethal time (LT~50~) after exposure to abamectin after 72 h of foragers honeybee workers.Figure 2Lethal time (LT~50~) after exposure deltamethrin after 72 h of foragers honeybee workers.Figure 3Comparing of lethal time (LT~50~) after exposure of insecticides after 72 h of foragers honeybee workers.Table 1Comparing of lethal time (LT~50~) after exposure of insecticides after 72 h of foragers honeybee workers.NoLine nameLT~50~LT~90~Lower limitUpper limitIndexRRSlopeSlope±1Abamectin21.026130.95415.57229.96610011.6130.1042Deltamethrin72.0112010.59949.984118.83729.1983.4250.8860.093Control313.8261724.129166.3891478.9046.714.9261.7320.385[^1]

3.2. The histological of the midgut by Scanning Electron Microscope (SEM) {#s0060}
-------------------------------------------------------------------------

### 3.2.1. A non-exposed (control) {#s0065}

It was found through the results obtained in the present study. The midgut (stomach) (mid gut (mid)) area of the abdominal cavity in honeybee weavers is a member of the following proventriculus flexes into a body cavity. The stomach wall has several sections that extend into the turns of the cavity (lumen (L)). The midgut consists of the roaming honeybees articulated that feed on the solution (non-diabetes exhibition for insecticides (control) of epithelial cells (Epth). Epithelial cells are mostly made up of columnar digestive cells that appear large during cell proliferation, which is characterized by small gaps or cytoplasmic holes (vacuoles (vacu)) on the outer wall. In the midgut in *A*. *mellifera* under normal conditions, epithelial tissue is formed during morphological alterations when digestive cells die. The extends into the internal cavity, and at the top, there are epithelial cell cilia (striated border (Sb) that have many holes and curves. The cells were on the basement membrane (basement membrane (Bm)), which is the base and anchor for all cells. The midgut is surrounded from the outside by two layers of muscle (muscles (M)); circular muscles inside (circular muscles (Cmscl)) and longitudinal muscles outside (longitudinal muscles (Lmscl) [Fig.4](#f0020){ref-type="fig"}.Figure 4Cross section of the midgut after 24 h of Control in the foragers honeybee workers by Scanning electron photographs (SEM):(A,B) General view of midgut (Mid), Lumen (L), muscles (M), (C,D) Showing the epithelium cells (Epth), vacuoles (Vacu). striated border (Sb), (E,F) basement membrane (Bm), circular muscles (Cmscl), longitudinal muscles (Lmscl).

### 3.2.2. An exposed to abamectin and deltamethrin {#s0070}

The results of the current study examining the effect of insecticides on bees shows that deltamethrin caused the midgut lumen (lumen (L)) to become less spacious, but the inside scoop of the luminal average with exposure to abamectin was more affected, opaque, and almost solid.

We found that exposure to deltamethrin caused the epithelial cells to become contiguous with each other and that the holes or gaps due to curves on their striated border almost or completely disappeared. Exposure to abamectin clearly affects the epithelial layer, as the cells merge with each other.

In the midgut epithelial tissue is formed during morphological alterations when digestive cells die. The extends into the internal cavity, and at the top, there are epithelial cell cilia (striated border (Sb) that have many holes and curves, under exposure to deltamethrin, the striated border was characterized by softness with no holes.

The cells were on the basement membrane (basement membrane (Bm)), which is the base and anchor for all cells. The midgut is surrounded from the outside by two layers of muscle (muscles (M)) and two circular muscles: inside (circular muscles (Cmscl)) and longitudinal muscles (longitudinal muscles (Lmscl). This was evident in the natural state; deltamethrin appears to have caused some changes and caused separation from the basal membrane. Abamectin seems to have crushed the layers of muscle. [Fig.5](#f0025){ref-type="fig"} the midgut exposure of abamectin) and [Fig.6](#f0030){ref-type="fig"} the midgut exposure of deltamethrin.Figure 5Cross section of the midgut after 24 h exposure of abamectin in the foragers honey bee workers by Scanning electron photographs (SEM): (A,B) General view of midgut (Mid), Lumen (L), muscles (M), (C,D) Showing the epithelium cells (Epth), vacuoles (Vacu). striated border (Sb), (E,F) basement membrane (Bm), circular muscles (Cmscl).Figure 6Cross section of the midgut after 24 h. exposure of deltamethrin in the foragers honey bee workers by Scanning electron photographs (SEM): (A,B) General view of midgut (Mid), Lumen (L), muscles (M), (C,D) Showing the epithelium cells (Epth), vacuoles (Vacu). striated border (Sb), (E,F) basement membrane (Bm), circular muscles (Cmscl), longitudinal muscles (Lmscl).

The current results show that abamectin has an adverse effect on honeybees, especially foragers honeybee workers; there is a clear impact on the lethal time (LT~50~) and effects on midgut cells that may cause digestive disorders in the midgut, slowing its efficiency and thus affecting honeybee colonies\' health and vitality.

4. Discussion {#s0075}
=============

The foragers bees *A*. *mellifera jemenatica* effects of insecticides (abamectin and deltamethrin) on throughout the life. It was found through the results obtained in the present study. When we analyzed the effects of the lethal time (LT~50~) was the abamectin faster in the death of foragers honeybee workers compared to deltamethrin. Where have reached to abamectin (LT~50~ = 21.026) hour, deltamethrin (LT~50~ = 72.011) hour. While in the control was value of (LT~50~ = 313.826) hour. Additional studies by [@b0045] found also independent of the form of contamination, thiamethoxam was extremely toxic to bees, causing the death of more than 80% of the specimens after 3 days. And confirmed the high toxicity of this compound and showed that regardless of the exposure mode (spray, intake, or residue on the surface of the culture), thiamethoxam (37.5 ng a.i./l L) is extremely toxic to bees. This chemical had a LT~50~ on average of 3.57 h [@b0130] was a study conducted against three species of honey bees, to check long-term survival of honeybees when exposed to different insecticides. The LT~50~ of spinosad was increased up to 18 h with decreasing concentrations at 125 ppm against *A*. *mellifera*, LT~50~ of spinosad was increased up to 15 h with decreasing concentrations at 125 ppm against *Apis florea* as well as LT~50~ of spinosad and Emamectin benzoate were increased up to 20 h with decreasing concentrations at 125 ppm against *Apis dorsata*., LT~50~ of all controlled species was 91--103 h.

The midgut of *A*. *mellifera* presents an important interface between the insect and its environment that is responsible for the absorption of nutrients in *A*. *mellifera*. The midgut wall has several sections that extend into the turns of the cavity (lumen). The midgut consists of the roaming honeybees articulated that feed on the solution (non-diabetes exhibition for insecticides (control) of epithelial cells. The midgut epithelium is the only tissue of adult *A*. *mellifera* that exhibits widespread cell proliferation ([@b0080]). [@b0250], [@b0240] stating that the midgut is the most important site for the terminal digestion and absorption of nutrients and is the main way pesticide molecules present in food are absorbed. The intestine can reveal morphological alterations induced by environmental contaminants ingested by *A*. *mellifera* and that may lead to the death of the midgut epithelium ([@b0105]). Additionally, it may reduce *A*. *mellifera*'s activity, longevity, and nursing behavior ([@b0230]). [@b0080] indicate that some insecticides frequently used in apiculture and known to accumulate in *A*. *mellifera* hives may have hitherto unknown physiological effects. The nutritional status and susceptibility to pathogens of *A*. *mellifera* could be compromised by the impact of insecticides on the maintenance of the midgut epithelium. A growing body of evidence contributes to more comprehensive testing being considered safe for *A*. *mellifera* and other non-target species. The results of the current study examining the effect of insecticides on bees shows that deltamethrin caused the midgut lumen to become less spacious, but the inside scoop of the luminal average with exposure to abamectin was more affected, opaque, and almost solid.

Epithelial cells are mostly made up of columnar digestive cells that appear large during cell proliferation, which is characterized by small gaps or cytoplasmic holes (vacuoles) on the outer wall. We found that exposure to deltamethrin caused the epithelial cells to become contiguous with each other and that the holes or gaps due to curves on their striated border almost or completely disappeared. Exposure to abamectin clearly affects the epithelial layer, as the cells merge with each other.

In the midgut in *A*. *mellifera* under normal conditions, epithelial tissue is formed during morphological alterations when digestive cells die ([@b0070], [@b0175]). The midguts of the Africanized honeybee from different control groups for all periods analyzed that showed typical characteristics of this structure: preserved digestive cells usually with nuclei of spherical shape, organelles with no alterations, vacuoles were also observed in the cytoplasm. The control groups that were treated with acetone also showed these same characteristics. The ultrastructural analysis of midguts from honeybees exposed to a concentration corresponding to the CL~50/10~ of thiamethoxam showed that the effect of this chemical was most evident in honeybees that were exposed for 1 day. Digestive cells of bees exposed to the insecticide for 3 days had nuclei with a more regular shape ([@b0050]).

The peritrophic membrane could be easily observed in larvae and presented a double origin: epithelium of the proventriculus and the transition cells between the ventriculus and proventriculus. Although this was not observed in the present investigation, it may have been overlooked. No peritrophic membrane was observed in adults ([@b0035]). The extends into the internal cavity, and at the top, there are epithelial cell cilia (striated border) that have many holes and curves to increase surface absorption and the exchange of nutrients and enzymes. Under exposure to deltamethrin, the striated border was characterized by softness with no holes. The midgut is internally lined by a single layer of columnar epithelium. There were cubic epithelial cells shaped like baskets that formed cellular nest at their basal surface (regenerative cells). The apical surface of the columnar epithelial cells had microvilli ([@b0040]).

The cells were on the basement membrane, which is the base and anchor for all cells. The midgut is surrounded from the outside by two layers of muscle; inside circular muscles and outside longitudinal muscles. This was evident in the natural state; deltamethrin appears to have caused some changes and caused separation from the basal membrane. Abamectin seems to have crushed the layers of muscle. Some species of Lepidoptera, which have two muscle layers (external circular and inner longitudinal muscles) ([@b0165]). Conversely that Coleoptera in which the inner muscle layer is circular and the external layer is longitudinal ([@b0235]). The presence of a single layer of circular muscle has also been reported in ants ([@b0275]).

5. Concluding remarks {#s0080}
=====================

From these study, we was concluded that the insecticides proved to be lethal for *A*. *mellifera jemenatica* of honeybee. The results showed that abamectin had high LT~50~ than deltamethrin. Also, it was the latest more harmful effects on midgut cells. Insecticides are used to harm honeybees were exposed to a great variety of other potentially toxic chemicals.

Peer review under responsibility of King Saud University.

[^1]: Index compared with Abamectin. Resistance Ratio (RR) compared with Abamectin.
